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CHAPTER I  
INTRODUCTION 
 
Growing concerns for reducing the amount of carbon released to the atmosphere and the effects 
of global warming are evident at all levels of policy making. Governments across the world have 
embraced stronger environmental regulations to push businesses to adopt environmentally friendly or 
“green” practices, develop new environmental technologies and create innovative processes to work 
with environmental sensitivity. These regulations are playing an important role in creating new sources 
of demand for goods and services and encouraging new firms to recognize that many environmental 
improvements are compatible with high levels of profit. Indeed, voices within the business community 
are increasingly embracing environmental regulations rather than resisting them (Chapple, Kroll, Lester, 
& Montero, 2011) 
Nonetheless, although most environmental regulations are designed to create business 
opportunities rather than restrict them and seek to alter business practices at the firm level, in isolation 
they may not drive regions towards specialization in a particular technological area. Nor do regulations 
guarantee that firms will engage with one another and cooperate to produce spillover benefits for a 
regional economy, nor automatically create collaborative partnerships to develop complementary 
technologies and innovation processes. This creates an opportunity to think about ways to harness 
regulatory actions in order to promote regional green economic development, and in particular, to 
foster innovation and industrial development through processes that support cluster development.  
The importance of industrial clusters to regional economic development is well known (Feser, E., 
1998, 2003; Krugman, P., 1991; Lester R. & Piore M., 2004; Porter, M. 1998; Piore, M. 1984; Saxenian, 
A.L. 1994; Markusen, A. 1996). Regional clusters are concentrations of businesses that co-locate because 
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of trading (buyer-supplier) relationships and/or to share common factor markets (including 
infrastructure, knowledge resources, and labor) and /or common good markets (Feser E. & Luger M., 
2003). Clusters differ from agglomeration economies because they provide more dynamic benefits to 
their members. Cluster firms share pools of human resources, opportunities for improved specialization, 
and the conduits of knowledge innovation and inspiration (Feser E. & Luger M., 2003). Although the 
physical proximity of firms has been highlighted as a key factor for their success, other less tangible 
factors are in play as well, namely, informal and formal institutions that leverage the dynamic benefits 
within a cluster and shape inter-firm relationships, thereby creating conditions for trust and 
collaboration (Feser E. & Luger M., 2003). For emerging green businesses and industries, these 
institutions can play a strategic role in encouraging knowledge sharing, continuous innovation, 
technology and upgrading and adaptation to new markets.  
Using the case of North Carolina’s Research Triangle region, this study examines the potential 
for developing a green economy cluster. In this paper, I argue that the importance of the network 
institutions and local characteristics must be understood in order to promote green business cluster 
development. North Carolina has a strong regulatory asset that has gained support from a wide 
spectrum of businesses and has created opportunities for green industry development. The 2007 
Renewable Energy Portfolio Standards (REPS) requires investor-owned utilities in North Carolina to meet 
up to 12.5% of their energy needs through renewable energy resources (such as solar electric, solar 
thermal hot water, wind, geothermal, tidal energy, hydrogen derived from other renewable sources, 
hydroelectric, waste heat and biomass resources) or energy-efficient measures, which “must result in a 
measurable and verifiable reduction in energy consumed by a utility customer” (North Carolina 
Sustainable Energy Association (NCSEA), 2009). Signs that this law has affected industrial development 
in the region are already evident, but still more work is needed to anchor and expand regional business 
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opportunities in green technology. This paper investigates the opportunities and challenges for green 
technology cluster development and considers ways to best leverage North Carolina’s commitment to 
environmental standards.  
The green technology sector has been identified as one of eleven cluster targets in the Research 
Triangle region’s most recent five-year economic development plan (RTP, 2009). This sector has been 
recognized as a point of confluence of the region’s strengths in biotechnology, information and 
advanced material sciences. Thus, the Research Triangle area plans to focus on expanding these newly 
competitive advantages by recruiting new companies, promoting new ventures, and taking action steps 
to develop the necessary infrastructure and provide higher job rates for its residents.   
Through this research I identify the conditions under which it is possible to promote a green 
technology cluster in the Research Triangle area. By exploring the impact of the REPS law since 2007 to 
date, I identify the potential that renewable and energy efficiency sectors can provide for cluster 
development in the Research Triangle area. Related to this effort, I examine the network of institutions 
that is currently working on green economy issues, and its potential for collaboration, information 
sharing and formulation of the industry’s next strategic steps.  
This analysis serves as a regional assessment of the current business environment and main 
perspectives of the green technology industry, and sheds light on the importance of focusing on local 
institutional networks in the absence of a national energy bill. This paper suggests that, although the 
REPS law acts as an important impetus for industrial development in green technology, other 
institutional interventions are needed to promote cluster development by providing space for 
commercial networks, ensuring continuous exchanges of information, and preserving the exclusive 
assets that this particular region holds. These interventions will encourage local firms to continue to 
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innovate, work closely with the state’s knowledge resources, and support the growth of green 
technology start-up businesses.  
After providing a description of the methodology used to conduct this research, Chapter 2 offers 
a literature review regarding the necessary conditions that a successful cluster must meet and the 
importance of a green economy as a source of job creation. Furthermore, Chapter 2 introduces the 
current debate surrounding the REPS law as a policy instrument to create a low carbon-based economy. 
Chapter 3 provides an overview of the current green technology sector based on the impact of the REPS 
law and the role of major economic, industrial and academic institutions in the Research Triangle area. 
Chapter 4 summarizes the main findings of this research regarding the importance of the REPS law for 
the development of the green technology sector, trust and misperceptions among industry 
stakeholders, the smart-grid potential for cluster development, and the importance of the national 
environment for further business development. Other main policy options that should be considered are 
discussed briefly as well. Chapter 5 offers a set of recommendations and conclusions based on the 
critical analysis of these findings.  
METHODOLOGY  
This paper is based on in-depth interviews with representatives of supporting institutions, such 
as regional economic development organizations, NGO’s and research institutes based on the Research 
Triangle area. In the process, I also interviewed business owners, and public officials. Institutional 
representatives and clean energy technology business owners are the focus of this study because of the 
significant role that these actors play in cluster development. Their perspectives are critical in evaluating 
the opportunities and barriers that exist in order to promote collaboration and interaction amongst 
various firms and organizations.  
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I obtained qualitative information regarding the green technology sector and the relationships 
amongst representative institutions by conducting semi-structured interviews with executives at the 
Durham and Greater Raleigh Chambers of Commerce,  public officials from the NC Department of 
Commerce, the office of Economic and Workforce Development in the City of Durham, RTRP, research 
institutes, such as the NC Solar Center at North Carolina State University (NCSU), Duke University, as 
well as non-governmental organization (NGO) such as the League of Conservation Voters (LCV), North 
Carolina, Institute for Sustainable Development,  advocates who provide support to small businesses in 
green practices and provide sustainable certification and educational programs addressing 
environmental issues. I also had the opportunity to participate in  the Clean-Tech Forum organized by 
the Council of Entrepreneurial Development (CED) and SFJ Ventures in Durham. This opportunity 
allowed me to talk with a wide variety of small and large business owners. A total of 14 interviews in 
person and phone interviews were conducted to learn about the current challenges and factors that 
promote the creation of a green economy cluster and the existence of cooperative tools among 
institutions and firms (Table 1, Appendix).  
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CHAPTER 2 
LITERATURE REVIEW 
 
STRATEGIES TO CREATE A GREEN CROSS-INDUSTRY CLUSTER 
This chapter analyses the academic literature regarding the characteristics and competitive 
advantages of regional clusters and a green economy with a focus on the green technology sector.  First, 
I outline the main topics found in the literature, such as the role of trusting relationships, specific 
institutions, and the dynamic local factors that encourage cluster development. Second, I review the two 
main bodies of literature that explain agglomeration economies and cluster development, which focus 
on 1) the role of location and how it enhances the competitive advantage of firms, and 2) the 
importance of flexible and collaboration strategies in increasing productivity and innovation. The latter 
includes the importance of leadership, and how cooperation mechanisms can be promoted among 
interest groups in order to increase trust. Finally, I introduce the importance of a green economy as a 
source of job creation and innovation and discuss the surrounding debate about the effectiveness of 
REPS as a policy instrument to promote green  technology development.  
 
 
BRIEF OVERVIEW 
Substantial academic and policy discussions surround the key characteristics and factors that 
may contribute to the development and creation of clusters. Since the 1990s, industrial clusters have 
become an appealing way to promote regional and local economic development, although there is little 
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agreement over cluster policy implementation in specific states and settings. In explaining the high 
performance found in certain national and regional economies, researchers of industrial organization 
and development have highlighted the specific role of supportive and trusting relationships amongst 
firms. This body of literature focuses on ‘industrial districts’ and their networks of inter-firm cooperation 
and competition, such as Silicon Valley and Third Italy (Doeringer & Terkla, 1995; E. Feser, 1998; E. Feser 
& Luger, 2003; Piore, 1984; Sabel, 1993; Saxenian, 1990, 1994). Other studies have focused on the 
relationships amongst small enterprises and the relationship between suppliers and large firm 
customers, using examples such as the ‘just in time’ manner of production found in the Japanese 
automobile industry (E. Feser, 1998; Tendler & Alves Amorim, 1996; Markusen, 1996).  
Therefore, the role of specific institutions is acknowledged in the literature as an important 
factor that can foster cooperative behavior and economic prosperity without necessarily relying on 
trust. Institutions such as government agencies, state enterprises, and other organizations, such as 
industry associations, unions, and interest groups, can significantly influence economic success and 
cluster development. Consequently, cooperation can be also induced by structuring incentives through 
institutional arrangements that encourage cooperation and strengthen long-term relationships 
(Barzelay, 1991; Campbell, 1996; Kenworthy, 1997; Sabel, 1993).   
As well as cooperation, researchers also have pointed out concepts, such as competitive 
advantage, which add another dynamic to the understanding of the process of clustering. The concept 
of cluster suggests that competitive advantage lies outside the firms and even outside their industries, 
residing instead in the location at which their business units are based (Porter, 1998). In addition,  this 
concept depends on constantly evolving factors as a result of continuous innovation and shared 
knowledge within firms (Doeringer & Terkla, 1995; Porter, 1998; Saxenian, 1994).  
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Further review of past and present discussions about each of these characteristics is necessary 
in order to understand the main characteristics of clusters and which of these characteristics should be 
reinforced. This literature review helps lay out the key factors that officials, institutions, and economic 
development leaders should promote in order to create successful green technology industrial cluster.  
 
THE ROLE OF LOCATION 
The location and geographical context of a given firm remains fundamental to competition, 
because a firm’s location creates key conditions where industry clusters can be formed. The importance 
of agglomeration economies is evident when factors of production are concentrated geographically, and 
when firms together can gain additional benefits of spatial proximity and become self-reinforcing 
through increasing returns (Krugman, 1991; Porter, 1998; Saxenian, 1994). Consequently, two types of 
externalities are produced when firms are concentrated in a common location. First, firms save by 
sharing transportation costs and transaction costs, and they create productive input-output 
relationships among different industries that share labor pools with generic skills or generic knowledge 
of technologies. Second, firms benefit from locations where they can take advantage of resources such 
as a natural harbor, airport, or university research facilities. As a result, comparative advantages can be 
configured to increase and contribute to competitive success and economic prosperity (E. Feser, 1998; 
Porter, 1998).   
It is said that agglomeration economies are static, and firms are atomistic units of production 
with clear boundaries, focusing exclusively on the permanent advantages of large industries and cities 
(E. Feser, 1998; Saxenian, 1994). In this sense, Michael Porter emphasizes that clusters “are geographic 
concentrations of interconnected companies and institutions in a particular field” (Porter, 1998). Indeed, 
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clusters increase the productivity of companies based in the area, drive the direction and pace of 
innovation, and stimulate the formation of new businesses, which strengthens the cluster itself. 
Government and other institutions, such as universities, standard-setting agencies, think tanks, training 
providers, and trade associations, are critical in providing specialized training, education, information 
and research services, and technical support (Porter, 1998). However, a main criticism of this viewpoint 
is that most of the advantages comes from the reduction in costs due to transportation savings, joint 
marketing for the same location, and the fixed characteristics of local scale economies (E. Feser, 1998; 
Saxenian, 1994; Tendler & Alves Amorim, 1996).  
 
FLEXIBLE AND COLLABORATIVE STRATEGIES  
Another branch of the literature focuses on the analysis and evolution of industrial complexes 
that are characterized by flexible specialization and collaboration strategies that spur innovation and 
collective learning (E. Feser, 1998; Markusen, 1996). This topic is part of the most recent literature that 
specializes in the nature of business relationships among firms and highlights the organizational 
relationships and sharing of technologies and skills. The main argument from these researchers is that 
major capitalist economies are experiencing a crisis due to saturated markets, inflexible production 
structures and more knowledgeable and demanding consumers, and are searching for an appropriate 
path of technological development (E. Feser, 1998; Lester & Piore, 2004; Saxenian, 1994). It seems that a 
successful strategy to promote clusters and increase the overall competitiveness of the region requires 
flexible manufacturing and technology structures, governance institutional building, and reliable 
channels of expertise and knowledge sharing (E. Feser, 1998; Saxenian, 1990). 
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Several case studies articulate the above notion of firms relying on networks in which they are 
embedded to shape their strategies and confront evolving and changing markets (Markusen, 1996; 
Saxenian, 1990; Saxenian, 1994). This perspective highlights the importance of relationships within the 
internal organization of firms and the social and institutional structures of the locale where they are set. 
A key feature of this concept’s success is the presence of an industrial system that promotes 
entrepreneurship and experimentation, and mutual flexibility among specialist producers of complex 
and related technologies. In addition to these dense social networks, open labor pools, informal 
communications and collaborative practices with competitor firms, suppliers and customers all 
contribute to the development and strengthening of clusters. These collaborative mechanisms allow 
companies to have greater adaptive capacities, share risks, stabilize markets and share innovation as 
well (Markusen, 1996; Saxenian, 1994). 
Additionally, activist trade associations provide shared infrastructure, such as management, 
training, marketing, technical or financial help, as well as a forum to create collective strategies for 
business growth. Overall, trust among districts members is considered central to their ability to 
cooperate and act collectively (Saxenian, 1994).  
Nonetheless, most of this literature’s criticism centers on the power that major corporations 
wield within this system to impede the growth of other sectors or smaller companies. Agglomerative 
specialization and success in one industry, especially when associated with some degree of dominance 
over regional factor markets, can actually impede the development of other sectors whose presence 
might diversify the economy, and can produce instability in the original sector (A. Markusen, 1996).  
Because not all the fast-growing regions in the world are similar, other structural characteristics 
can create agglomeration of firms and high-growth industrial sectors. Taking advantage of such factors 
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requires a deliberate business decision to develop efficiency-enhancing organizational relationships and 
effective leaders who can forge a collective vision for long-term strategic growth.  
 
TRUST AND EFFECTIVE LEADERS 
Certainly, government agencies can be instrumental in enabling locally based firms to construct 
networks that increase jobs, wealth and regional development. Still, facilitating cooperation and forging 
trust are not easy tasks. Lane Kenworthy asserts that institutional arrangements can effectively foster 
cooperative behavior without relying on trust (Kenworthy, 1997). Cooperation between government 
and interest groups can generate productive state policies as well. Selective incentives and other 
institutional supports provided by industry associations or governments can encourage alliances among 
competing firms, thereby leading to greater research and development (R&D), employee training, 
participatory team-work arrangements, and other such efforts. Choosing the right institutional 
incentives that make cooperation a rational choice for economic actors is possible, especially in places 
where trust may be scarce or in decline (Kenworthy, 1997).  
Moreover, a combination of policies, mandates, organizational strategies and operational 
methods can be remarkably effective in contexts of distrust, weak enterprise tradition, and minimal 
direct control over economic policy instruments. An action plan or detailed strategy can become as 
effective as a formal policy instrument, albeit largely dependent on the skills with which it is managed 
(Barzelay, 1991). Effective leadership can help to mobilize people to face problems, search for joint 
solutions, make informed decisions and accept change. This set of skills is crucial when promoting 
development of industrial districts through cooperative mechanisms and influencing policy and 
operational decisions.  
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For example, the interactive action plan in southern Spain that gave rise to the so-called Marble 
of Macael cluster – based on the need to improve natural resource utilization and increase technology 
capacity – is a successful example of public management and industrial development (Barzelay, 1991). 
This strategy sought to involve stakeholders from a handful of industries in formulating and 
implementing a common competitive strategy and sought also to persuade public and private financial 
institutions to extend credit and subsidies to participating firms (Barzelay, 1991). This operational 
method promoted an interactive planning and negotiation process to identify numerous actions that 
permitted the region to create and capture more value and investment.  
Consequently, it seems necessary to develop and promote leadership skills among planners and 
officials who can intervene positively in the process of cluster creation. A delineated cluster creation 
process can become a comprehensive action plan based on negotiated agreements. Creating an 
institutional basis for joint inquiry and action, negotiating networks of linked agreements, identifying 
goals and achieving a common vision are all processes that effective leaders must put into practice.   
Richard Lester and Michael Piore use the analogy of a cocktail party to describe the role of the 
manager or coordinator in creating these interpretative and enriched spaces of dialogue and innovation 
(Lester & Piore, 2009). The manager is like a hostess of a party where his or her basic function is to invite 
the guests, introduce them to each other, and encourage them to talk with one another, to suggest 
topics, prevent the breakdowns that can occur in an argument or disagreement, intervene when 
necessary, and prevent boredom and hostility. Similarly, market pressures and a highly competitive 
environment can be limiting not only among companies, but also among individuals within the same 
organization. Thus, the role of a manager is to overcome these obstacles and manage the interaction 
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among the participants in a way which enable them to move forward toward a set of innovative ideas 
(Lester & Piore, 2004).  
 
GREEN ECONOMY 
The concept of a green economy has received considerable attention as a potential solution for 
the current global economic crisis as well as the environmental challenges brought about by global 
warming and climate change. Both factors have spurred firms to create innovative production processes 
and create new products that are less harmful to the environment and more energy-efficient. Thus, the 
green economy has provided the impetus for new markets along with greater business opportunities in 
local and global markets.  
Despite having several definitions, green economy can be defined at its most basic level as a 
clean energy economy, which consists primarily of four sectors: 1) renewable energy (e.g., solar, wind, 
geothermal energy), 2) green building and energy-efficient technology, 3) energy-efficient infrastructure 
and transportation, and 4) recycling and waste-to-energy programs. The green economy is a 
comprehensive concept that also includes technologies that allow cleaner production processes, as well 
as growing markets for products, such as organic foods, that consume less energy. Thus, the green 
economy includes products, processes, and services that reduce environmental impacts and/or improve 
natural resource use (Chapple, 2008).  
As a consequence, the green economy affects the processes of regional competitiveness and 
collective experimentation and innovation. Unlike most regional innovation systems, the green 
innovation system is dominated more by local markets than universities. According to Chapple et al., 
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innovation and growth of the green economy are more about being embedded in the local market and 
responding to local regulation than about relationships with a traditional university-centered regional 
innovation system (Chapple et al., 2010). Based on a study about California’s green businesses, the types 
of innovation and firm support vary widely by subsector of each green industry, stressing the 
importance for emerging green firms of the need for additional tools and the support of a local network 
of institutions to transform ideas and products to new markets (Chapple et al., 2010). Thus, most 
environmentally challenged firms are likely to develop new processes, whereas new green innovative 
companies are likely to welcome regulation as a means of stimulating new product demand (Chapple et 
al., 2010).  
Surprisingly, statistical analysis has shown that, in terms of innovation, regions matter to the 
green economy, but the region in which a firm is located does not seem to matter as much as 
traditionally thought (Chapple et al., 2008). As Chapple et al. note, innovation and growth of the green 
economy are more about being embedded in the local market and responding to local regulations than 
about relationships with traditional innovation systems. This idea suggests that a distressed regional 
area may be able to boost green economy practices through carefully crafted regulations that 
incentivize the growth of local green markets. Thus, local firms might be instrumental in actually 
creating the sort of development that the green economy promises (Chapple, 2008).  
In fact, state governments now provide a wide range of local regulations to respond to the 
global call for climate change solutions and increased marketing dynamism. So far, states have 
implemented a variety of incentives and regulations. One of the most common and innovative policy 
instruments in the United States has been Renewable Portfolio Standards (RPS). In general, RPS are 
state-mandated programs in which a percentage or share of a state’s overall electricity generation must 
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come from renewable energy or energy efficiency technologies. Thus, utilities are required to invest in 
renewable energy and energy efficiency in order to meet these percentage limits within a few years. By 
2001, only nine states had adopted a RPS policy (Carley, 2009). To date, 33 states have adopted RPS, and 
five states have set voluntary goals for adopting renewable energy instead of RPS with binding targets 
(Table 2, Appendix). Table 2 in the appendix of this paper shows a full summary of the states that have 
adopted this law, the amount targeted, the year by which utilities must accomplish those goals and the 
organization that administers those policies.  
Yet only a few studies have been able to verify how effective these state initiatives have been 
towards increasing the electricity sector’s diversification of fuel resources. A recent empirical evaluation 
of 28 states demonstrates that RPS implementation is not obtaining the overarching objective of 
increasing the percentage of renewable energy (Carley, 2009). In other words, states with RPS do not 
have statistically significant higher rates of renewable energy share deployment than states without 
RPS, holding all variables constant (Carley, 2009). Although some individual cases have reported positive 
returns in selected states (Langniss & Wiser, 2003; Gouchoe et al., 2002), more generally, states appear 
to be struggling to invest in renewable energy and energy efficiency to a substantial degree.   
From a policy evaluation standpoint, these findings reveal a potential shortcoming of RPS. Some 
authors have highlighted possible causes, such as weak or inadequately structured policy design, a lack 
of enforcement of the policies, or inconsistency between demand growth and the RPS. Therefore, most 
of these problems might find solutions within the state bureaucracies as institutions frame the manner 
in which political actors operate and shape the structure of policy outcomes (Carley, 2009).  
Although there are not many empirical studies available to confirm these results in a broad way, 
policy-makers nonetheless should address policy design problems in order to keep RPS as a viable 
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option. Sanya Carley (2009) demonstrates that state-level political and environmental institutional 
factors are effective determinants of a state’s share of renewable energy. An increase in the number of 
employees in natural resources-oriented state and local government agencies is also positively and 
significantly associated with an increase in renewable energy share, suggesting that a larger state’s 
organizational infrastructure  can affect the deployment of energy. Therefore, RPS may ultimately be 
more effective if implemented in conjunction with programs that target energy demand with efficient 
conservation measures (Carley, 2009). 
In sum, it is evident that cluster development represents a wide range of policies in which public 
officials, economic development practitioners and firms play a significant role. This literature review 
analyzes a diverse group of studies, most of which have been formulated according to the unique 
characteristics of particular localities that are embedded in larger economies. Undoubtedly, dynamic 
clusters occur in certain locations where firms find strategic advantages and stimulus factors that 
reinforce their own competitive advantages. Therefore, institutions and skillful leaders must develop 
strategic plans that connect their groups and firms to one another to spur the regional process of 
innovation and improve overall competitiveness. Institutions can certainly allow for space to ensure 
flexibility and dynamism of local networks, and promote public forums for debating regional industrial 
strategies, action plans and schemes while preserving their local advantages. Local economic 
development agencies, industrial organizations, and chambers of commerce can become places that 
guarantee continuous exchanges of information, experience and technologies across industries and 
firms of all sizes. Lastly, these organizations and businesses can leverage regulation packages and state 
incentives, thereby providing a wide range of initiatives and programs to coordinate collective responses 
to market change, financial investment and training needs.  
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In the next section, I provide an overview of North Carolina’s current context regarding the 
impact that its own REPS law has had on the economy and the main institutions that are working 
towards green economy and green technology cluster development in North Carolina.  
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CHAPTER 3  
THE RAPID GROWTH OF THE GREEN ECONOMY IN NORTH CAROLINA 
 
In 2007, Governor Mike Easley signed Session Law 2007-397 that positioned the state of North 
Carolina as “the first state of the Southeast” to enact a mandatory energy efficiency and renewable 
energy portfolio standard, known as the REPS law. As aforementioned, this bill requires the utility 
companies to meet 12.5% of the energy demand by 2021 through renewable energy generation and/or 
energy savings.  
The REPS law has propelled the green technology sector to grow steadily and achieve great 
success within a short time. A wide range of policies and green initiatives from government offices, 
chambers of commerce, regional associations and other sectoral and academic institutions has 
contributed significantly to the booming of the green energy sector in North Carolina, and has led to 
positive growth rates since 2008. In the following, I argue that the impact of the REPS law in generating 
this green energy sector, and  the support from major regional, economic and academic institutions for 
strengthening this growth, allowing  further industrial green technology development.  
 
 
 
THE GREEN JOBS IMPACT 
Since the beginning of the United States recession, renewable energy and energy efficiency 
industries have continued to increase and expand employment throughout the state of North Carolina. 
Amidst the economic recession, in 2008 companies announced the creation of 2,000 new jobs in the 
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state, of which 800 were in the manufacturing sector (Hoyle, 2009). More than $31 million in venture 
funding was invested during that same year in local clean technology companies that specialize in 
nanotechnology and semiconductor manufacturing (Hoyle, 2009). Overall, since 2008, renewable energy 
and energy efficiency industries have shown an astonishing 483% employment growth. The industry 
jumped from 2,144 to 12,500 jobs in little more than four years (Quinlan & Turiansky, 2008; Quinlan & 
Crowley, 2010).  
Thus, during the time of the worst economic crisis in many years, the renewable and energy 
efficiency sectors showed an extraordinary 6% employment increase in 2008-2009, according to the 
annual statewide census of sustainable energy firms conducted by the North Carolina Sustainable 
Energy Association (NCSEA) (Quinlan & Chotray, 2009). This fact highlights the resilience of this industry 
when viewed in light of the 200,000 net job losses that the State suffered in 2008 (Employment Security 
Commission of NC, 2009). 
Similarly, the 2008 Green Recovery Report by the Center for American Progress points out the 
capacity of those green technology industries to lead economic recovery, to strengthen the economy for 
the next several years and to leave it in a better position for sustainable prosperity (Pollin, et al., 2008). 
By building a green, low-carbon economy, it is possible to expand job opportunities, economic growth, 
stabilize the price of oil, and make significant strides towards fighting global warming. This report  
details ways that the transformation to a low-carbon economy can result in sustainable economic 
growth. For the case of North Carolina,  an estimation of 62,000 jobs could be created with the $2.9 
billion share of the national program for green energy-based economic recovery1 (Pollin et al., 2008).       
                                                                
1
 The green economic recovery program would be a down payment on a 10-year policy program recommended by 
the Center for American Progress in its 2007 “Progressive Growth” series, which lays out an economic strategy for 
the next administration and includes the report, “Capturing the Energy Opportunity: Creating a Low-Carbon 
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In line with the potential of these sectors to revitalize the state’s industry, a joint study between 
Appalachian State University (ASU) and the NC Solar Center at NCSU projects an important capacity for 
wind energy in North Carolina. Installing 500 to 700 windmills on the shores and in the sounds of the 
eastern part of the State could generate 1,430 megawatts of electricity (Debbage, 2008). Similarly, the 
2006 North Carolina Renewable Energy Portfolio Standard Study (2006 NC REPS Study) that evaluates 
the impact of the REPS law across the economy confirms that North Carolina could have a technical 
potential of 13,000 megawatts (MW) of renewable energy generation with a practical prospective of 
3,400 MW, not including solar power (La Capra Associates, 2006).  
Likewise, the renewable energy and energy efficiency industries could capture a wide range of 
potential labor positions across the entire industry’s supply chain. The 2008 UNC-Greensboro study that 
was prepared for the Institute for Emerging Issues forum, identified 1,300 firms employing 61,000 
workers with a great potential to become the State’s new green energy supply chain (Debbage, 2008). 
The largest supply chain appears to be wind energy, with 627 firms and 32,534 jobs, followed by solar 
energy with 296 firms and 16, 122 jobs, and biomass energy with 509 businesses employing 20,925 
workers (Table 1).  
Table 1.  
North Carolina’s Potential Supply Chain, 2008 
Source Number of Firms Employment 
Wind 627 32,534 
Solar 296 16,122 
Biomass 509 20,925 
Geothermal 98 4,287 
Source: K. Debbage, 2008.  
                                                                                                                                                                                                              
Economy,” by John D. Podesta, Todd Stern, and Kit Batten. This green economic recovery program would spend 
$100 billion over two years in six green infrastructure investment areas. (Center for American Progress, available at 
http://www.americanprogress.org/issues/2008/09/pdf/green_recovery.pdf (4/4/2011)). 
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It is not surprising that some of the potential leading sectors for the green energy and energy 
efficiency supply chain are manufacturing-intensive, due to the historical importance of this sector in the 
economy of North Carolina. Most of the companies identified already in these chains include plastics 
manufacturing, fabricated structural metal manufacturing, sheet metal manufacturing, semiconductors 
and related devices, general purpose machinery manufacturing, pumps and pumping equipment, and 
electrical equipment (Debbage, 2008). The report also mentions that the geography of the potential 
green supply chain could be concentrated along the I-85 corridor between Charlotte, the Triad and the 
Research Triangle region, with additional significant concentrations in Hickory, Wilmington and 
especially Asheville. 
 
GREEN JOBS NOW  
The 2010 North Carolina Renewable Energy and Energy Efficiency Industries Census reported a 
total of 12,500 full-time employees working in green technology firms or related occupations in the 
state of North Carolina. This number represents a 22% increase from 2009, when industries reported 
10,500 jobs. An additional 20% employment growth is anticipated by surveyed firms over the next year 
(Quinlan & Crowley, 2010). In addition, renewable energy and energy efficiency firms have generated 
more than $3.5 billion in annual revenue from in-state business activities (Quinlan & Crowley, 2010).  
Thus, the manufacturing and R&D sectors are the biggest employment sectors, accounting for 32% and 
24% of the estimated jobs, respectively. These sectors are followed by the high performance building 
and retrofitting sector with 13% of jobs, renewable energy designers, installers and developers 11%, 
power generation owners or operators 11%, education services and consulting 7%, and renewable 
energy systems retailers or distributors 2% of the employment for 2010 (Table 2).  
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Table 2 
Percentage of Jobs by Industrial Sector 
Primary Industrial Sector Estimated Jobs Percentage of Total Jobs 
Manufacturing 3,959 32% 
Research and development 2,963 24% 
High performance building or retrofitting 1,622 13% 
Renewable energy systems installer, 
designer, or developer 
1,395 11% 
Power generation owner or operator 1,420 11% 
Education services and consulting 866 7% 
Renewable energy systems retailer or 
distributor 
269 2% 
Total 12,493 100% 
Source: NCSEA, Census 2010. 
 
The numbers and percentages presented in Table 2 demonstrate again the importance of the 
manufacturing and R&D sectors in North Carolina, and illustrate the great potential for scaling up these 
industries to enhance the emerging green technologies sector. Furthermore, the State’s knowledge 
resources from major research universities, the presence of experts, a highly skilled workforce, the 
availability of transportation infrastructure, and the widely positive perception about the high quality of 
life and business climate held by entrepreneurs, indicate the important perspectives for these industries 
in this area.  
The census data for Renewable Energy and Energy Efficiency Industries 2010 also reveal the 
importance of local markets, because the majority of products and services that these companies offer 
are provided within the state of North Carolina (Quinlan & Crowley, 2010). Thus, this trend underlines 
the importance of local market conditions for collective growth and economic return (Quinlan & 
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Crowley, 2010). Therefore, it seems that Smart-grid and energy efficiency are most likely to reach 
international markets due to the strong connections between these companies and international 
headquarters that are located in the Research Triangle area (Quinlan & Crowley, 2010).  
As a consequence, most of the green technology firms locate in the Research Triangle area and 
in the area covered by the Triangle J Council of Governments (COG) partnership for economic 
development (Quinlan & Crowley, 2010). A total of 210 firms have chosen the Research Triangle area as 
their primary business location. In terms of economic development region classification, the Triangle J 
COG hosts 198 firms, followed by Centralina COG with 110, and Land-of-Sky COG with 58 companies, 
respectively (Quinlan & Crowley, 2010). The map shown in the appendix of this paper indicates the 
locations of renewable energy and energy efficiency companies in North Carolina clearly depicts the 
areas where most of these companies are geographically clustered, mainly in the Research Triangle 
area, but also in the Charlotte and Asheville areas.   
In 2009, Raleigh Mayor Charles Meeker announced an initiative to prepare the City of Raleigh 
for the availability of electric plug-in and hybrid-electric vehicles and to become a leader in the 
southeastern United States for the adoption of such technologies (City of Raleigh, 2010). The plan 
includes 350 electric car charging stations, most of them financed by federal stimulus money. The 
FREEDM Center at NCSU’s Centennial Campus is playing a significant role in developing the right 
technology and partnerships with companies, universities and national laboratories. In addition, five 
sizeable companies located in the area are supporting this project in terms of the provision of electric 
motors, batteries, power generation, distribution and Smart-grid technologies.2 Wake Technical 
Community College and Smart Challenge -a high school initiative to design and construct street-legal 
                                                                
2
 Companies: Advanced Vehicle Research Center, Buehler Motor, Eaton Corporation, Elster Solutions, Progress 
Energy. Brochure, Raleigh Department of Commerce {{92 City of Raleigh. 2010}}.  
Anabella Palacios  Green Economy – Building New Allies.  
  Master Project 
  Department of City and Regional Planning – UNC  
 
 
28 | P a g e  
 
electric vehicles- have been charged with giving the educational support and workforce training that this 
industry will need. Thus, the Research Triangle area is seen as a future provider for electric and hybrid 
vehicles.  
 
THE ROLE OF INSTITUTIONS  
North Carolina’s green technology energy and energy efficiency industries are rapidly growing, 
though they remain in a developmental stage that needs to mature fully and diversify. Most of the firms 
currently within renewable energy and energy efficiency industries began activities in 2000 or later, and 
few of them transitioned or expanded from related industries (Quinlan & Chotray, 2009). Nonetheless, 
the state’s extensive experience in encouraging regional development through a network of institutions 
and cluster developments in biotechnology and information systems provides a competitive advantage 
for promoting green technology and creating effective energy efficiency sectors.  
Consequently, the Research Triangle region’s potential to develop a green technologies cluster 
will rely on current institutional capacity and the participating institutions’ ability to work collaboratively 
towards the development of these industries. The development of a cluster requires a set of conditions 
and a variety of key institutions and companies that currently have an active and critical presence in the 
region.  At present, the region enjoys a total of 27 academic, nonprofit and governmental institutions 
that support the three emerging sectors –Smart-grid, alternative energy and advanced transportation – 
that have become strong in the region over the last few years (Table 3 and 4). The smart-grid sector 
receives much of the attention of governmental, non-profit as well as academic institutions, with a total 
of 17 organizations (Table 3 and 4). The alternative energy sector includes 15 institutions, followed by 
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advanced transportation with 11 institutions working together in the development of this sector (Table 
3 and 4).   
Table 3 
Governmental and Non-profit Institutions that Support Green Technology Developments in the 
Research Triangle Area 
Institution Smart-Grid 
Alternative 
Energy 
Advanced 
Transportation 
1 NC Energy Office x x x 
2 NC Sustainable Energy Association x x x 
3 NC Department of Commerce x x x  
4 NC Department of Transportation x   x 
5 NC Green Power x x  
6 NC IDEA x x  
7 Research Triangle Regional Partnership  x   x 
8 Southern Growth Policy Board  x    
9 NC Board of Science and Technology x    
10 
NC Department of Environment and 
Natural Resources   
x 
 
11 NC Biofuels Center   x  
12 NC Division of Waste Management   x  
13 Research Triangle Energy Consortium   x  
14 Research Triangle Solar Fuels Institute   x  
15 City of Raleigh     x 
16 Greater Raleigh Chamber of Commerce     x 
Total  9 10 7 
Source: RTRP, 2011.  
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Table 4 
Academic Institutions that Support Green Technology Developments in the Research Triangle Area 
Institution Smart-Grid 
Alternative 
Energy 
Advanced 
Transportation 
1 NC Solar Center, NCSU x x x 
2 FREEDM Center x   x 
3 Institute for Emerging Issues x x   
4 NC State Technology Incubator x     
5 
NC Technology Entrepreneurship  
and Commercialization (NC TEC) x     
6 
Small Business and Technology 
Development Center  
x 
    
7 
UNC’s Center for Sustainable 
Enterprises x     
8 NC State University   x   
9 NC Biofuels Center   x   
10 
Advanced Transportation Energy 
Center     x 
11 RT Energy Consortium - RTI  x x x 
Total  8 5 4 
Source: RTRP, 2011.  
 
The North Carolina State Energy Office (NCSEO) is the major governmental office that supports 
the development of the three sectors with programs, services and technical expertise, which reflect the 
state’s commitment in developing a clean energy economy (NCSEO, 2011). This agency promotes the 
increase use of renewable energy, alternative fuels, and energy efficiency throughout the state as a 
source of jobs creation.  Nowadays the NCSEO is focusing its efforts to try to develop the biggest 
offshore wind resource on the East Coast (NCSEO, 2011). In addition, the Director of Green Economy in 
the Department of Commerce is dedicated to promoting job creation and industry recruitment in energy 
sectors such as solar, wind, biofuels, biomass, building efficiency, and smart-grid (A. Palacios, personal 
communication, February, 20th 2011).  An example of joint collaboration between these two offices, the 
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NCSEO and the Department of Commerce, is the Green Business Fund created in 2008. A new proposal 
emerged during the course of this research to promote the development of small for-profit business and 
nonprofit organizations for energy efficiency projects to reduce energy consumption, implement 
renewable energy measures and promote the use of building energy efficiency (NCSEO, 2011). 
Founded in 1978, the North Carolina Sustainable Energy Association (NCSEA) is probably the 
oldest nonprofit state-wide organization that is working for the development of a new green energy 
economy from an integrated approach  (NCSEA, 2011). This organization works closely with businesses, 
individuals, government and other nonprofits to promote the use and development of renewable 
energy, energy efficiency and advanced transportation industry sectors. The organization leverages 
public policy throughout a wide range of mechanisms, including education, public policy and economic 
development initiatives. Its advocacy for policies leading to a sustainable energy future in the state of 
North Carolina has had a significant impact on the development of these sectors. One of the major goals 
of this organization is to create supportive legislative and regulatory environments to help the sector 
offer competitive products and services for a functional marketplace, and develop an engaged 
community that supports these changes. Each year the organization surveys sustainable energy firms to 
examine policy implications that might impact the growth of renewable energy and energy efficiency 
firms.  
In the plan for 2009-2014, entitled “The Shape of Things to Come” the Research Triangle 
Regional Partnership (RTRP) identified clean/green technologies as an emerging cluster at the 
intersection of biotechnology, health and software business clusters that already exist in the region 
(RTRP, 2009). This organization has been able to recognize the ability of Research Triangle companies to 
transfer existing skills into new products, and combine their knowledge, talent and resources across 
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sectors to create new emerging industries. Therefore, the clean technologies sector is seen as an up-
and-coming sector for which the Research Triangle is strongly positioned. Thus, this regional 
organization has been able to draft a formal cluster initiative led jointly with NCSU and the Wake County 
Economic Development agency.3 Although a formal membership structure is currently under discussion, 
the cluster organization and structure is being discussed in working groups that engage the sector’s 
personnel and stakeholders to envision ways to best harness the current competitive advantages this 
sector holds. 
As a result, this cluster initiative has been able to mobilize similar initiatives with other 
institutions in order to further leverage the existing industries’ resources and plan a detailed strategy for 
the short and long terms. Some of the current initiatives include a supply chain analysis by Duke 
University to identify market gaps and opportunities, funded by the Institute for Emerging Issues, 
another academic institution that focuses on smart-grid and alternative energy development (Appendix, 
Table 3). As the cluster plans to extend internationally, the Wake County Economic Development agency 
– the region’s major concentration of smart-grid companies – plans to form an international smart-grid 
trade association based in the Research Triangle area. Another set of strategies includes membership in 
the International Clean-Tech Network, led by the Copenhagen Clean-Tech Cluster and the Colorado 
Clean Energy Cluster (A. Palacios, personal communication, March 15th, 2011).   
 Furthermore, the state’s universities constitute a key component in technology development, 
moving green innovation from the laboratory to the marketplace. The Centennial Campus at NCSU, 
which houses institutions such as the Future Renewable Electric Energy Delivery and Management 
                                                                
3
 The founding organizations of this cluster initiative are: ABB, CED, Downtown Raleigh Alliance, Durham Chamber 
of Commerce, Duke Energy, FREEDM Systems Center, Institute for Emerging Issues, NCSU Office of Extension, 
Engagement, and Economic Development, NC Department of Commerce, NC Solar Center, NC Solar Fuels Institute, 
NC Sustainable Energy Association, Obrien-Atkins, Progress Energy, RTEC, RTI International, RTRP, SECDC, and 
Wake County Economic Development. RTRP promotional brochure (3/16/2011) 
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(FREEDM) Systems Center and the NC Solar Center, are major locations for research and innovation in 
the Research Triangle area.  
The FREEDM Center at NCSU is one of the latest Generation III Engineering Research Centers 
(ERCs) established by the National Science Foundation (NSF) in 2008 to focus on smart-grid and 
advanced transportation technology development (Appendix, Table 3). The Center’s goal is to partner 
with universities, industry, and national laboratories in 28 states and 9 countries “to develop technology 
to revolutionize US's power grid and speed renewable electric-energy technologies into every home and 
business” (FREEDM Center, 2011). A large number of utility companies, electrical equipment 
manufacturers, alternative energy start-ups, and other established and emerging firms are part of this 
global partnership as well.  
In addition, the NC Solar Center at NCSU was created in 1988 with the unique goal of exploring 
solar energy possibilities (NC Solar Center, 2011). Over the years, the Center has grown and expanded, 
serving as a resource for all types of renewable energy in terms of information, research, technical 
assistance, and workforce development training. The NC Solar Center is operated by the College of 
Engineering at NCSU and offers a wide range of technical assistance for states, local government officials 
and businesses trying to identify energy-efficient technologies and renewable energy investment 
opportunities in their communities. Thus, by capitalizing on close ties with government agencies, 
universities, industry and other nonprofits, the NC Solar Center has developed into one of the most 
important renewable energy centers in the country.  
The Research Triangle Energy Consortium (RTec) is another great example of joint collaboration 
amongst the major state universities ( RTec, 2011). Duke University, NCSU and the University of North 
Carolina at Chapel Hill (UNC-CH), along with RTI International are working collectively in research to 
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make an outstanding impact in economic, societal and public policy problems related to the use of 
energy. The Consortium meets monthly with its members and other relevant individuals to bring 
together expertise in academia, industry and government. Rtec intends to implement an integrated 
approach to address challenges faced in production, transportation and use of energy by combining 
technical, economical and policy considerations through discussions amongst the different stakeholders. 
As a start, the program aims to design a new energy engineering minor to be offered collaboratively by 
these three major universities.  
 
Affordable, reliable and clean energy is critical for the continuous prosperity and economic 
development of North Carolina, which is a net importer of fuel resources. Current leaders in 
biotechnology and advanced manufacturing processes point out North Carolina’s capability of driving 
the next generation of clean and affordable technologies and green products. Similarly, the green 
technology sector itself has the potential to drive the next generation of clusters, especially in areas 
where the state has tradition and experience, i.e., in R&D and manufacturing. The current network of 
institutions that support the fast-growing development of these industries will be crucial in 
strengthening the competitive advantages that the REPS law initiated in 2007, i.e., providing 
opportunities for continuous innovation, exchange, and dynamism to delineate the next strategic steps 
for this industry’s development.  
Next, l provide the main findings of this research regarding the opportunities and limitations for 
developing a green technologies cluster in the Research Triangle area of North Carolina.  
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CHAPTER 4  
INTERVIEW FINDINGS 
 
 A primary objective of this research is to analyze the potential of the Research Triangle region 
for developing a green technologies cluster. Thus, it is critical to assess the main opportunities and 
perceived barriers towards building a green energy economy. In order to meet this objective, fourteen 
qualitative interviews were conducted with business people, executive directors of main research and 
academic institutions, public officials, chamber of commerce representatives, and other nonprofit 
representatives who play a significant role in shaping the Triangle’s green economy and green 
technology sectors (Appendix, Table 1). The main findings are summarized in the following pages. The 
hope is that these findings will help to sketch further plans and policies to develop a less carbon 
consuming economy.  
 
 
 
IMPORTANCE OF THE REPS LAW 
As mentioned above, in 2007 the state of North Carolina took an important step in adopting the  
REPS law, which allows the development of a sustainable economy based on green technologies. My 
interviews confirm that this law is perceived as the most important asset to promote a green economy 
and increase the production of renewable energy resources. All the interviewees for this research 
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emphasized the importance of this law in increasing investment and job creation in the renewable 
energy and energy efficiency industries. All respondents perceived this regulation to be a key factor for 
improving the green technologies industry and creating major business opportunities over the last four 
years.  
Furthermore, a potential increase in the REPS law level of standards was seen by respondents as 
an opportunity for the region to move forward and strengthen its strategic advantages. “If we increase 
the REPS law, *it+ would be a good signal”, a public official stated (A. Palacios, personal communication, 
February 20, 2011). One interviewee highlighted the state of Colorado as an example of an important 
policy driver, and the importance of a gradual strategy for increasing investment. In March 2010, the 
state of Colorado increased their RPS for investor-owned utilities (IOUs) and retail electricity sales from 
its previous requirement of 20% in 2007 to 30% of renewable energy to be reached by 2020 (US 
Department of Energy, 2011). Other important competitor states for North Carolina, such as California 
and Maine, have goals of 33% by 2030 and 40% by 2017, respectively (A. Palacios, personal 
communication, 20th February, 2011).  
 
MISPERCEPTIONS AND TRUST ISSUES 
 Most of the interviewees agreed that significant misperceptions remain regarding sustainable 
development that can potentially damage the development of green industries. A representative from 
the Green Plus Program pointed out that the cost of sustainability is not widely understood yet, and 
many people still think that to implement renewable sources of energy or other green practices is 
expensive (A. Palacios, personal communication, March 2nd, 2011). In addition, the difference between 
‘clean’ and ‘green’ technologies and practices in some cases still is not well understood. Many 
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businesses can potentially implement green practices in order to produce ‘more with less’, but 
completely different is to implement green technologies that require investment. Furthermore, 
considering that these facts sometimes are accompanied by old legislation in other sectors or 
nonstandard definitions, creating the necessary incentives for businesses to become more sustainable is 
difficult, as suggested by a representative of the Durham Chamber of Commerce (A. Palacios, personal 
communication, February 16th, 2011).  
 Business executives also highlighted the importance of clarifying the cost of technology, because 
there is widespread belief that using renewable energy is more expensive than using traditional sources 
of energy (A. Palacios, personal communication, March 1st, 2011). For the solar industry, this 
misconception is tremendously important because it has been proven that using solar energy to heat 
water is cheaper than traditional fuel resources (Commission NC, 2006; NC WARN, 2010). Solar energy 
can save up to 50% to 80% in energy costs, and 30% personal tax credits from the federal government 
are available for installation in residential homes (Charlotte Solar Power, 2011). A small business owner 
must spend a considerable amount of time clarifying these facts (A. Palacios, personal communication, 
March 1st, 2011).  
 Regarding specific issues about the levels of trust in the renewable energy industry and energy 
efficiency industries, responses were divided depending on the size of the business or organizations that 
the respondents represented. Representatives of small business institutions and executives from small 
and medium companies highlighted the importance of information sharing and social and institutional 
networks to make accurate decisions and learn from each other (A. Palacios, personal communication, 
March 1st, 2011). For small businesses, one of the most important consequences of joint collaboration is 
that it strengthens persuasive arguments in this developing market to convince people that renewable 
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energy is a reliable and affordable response to the energy crisis and climate change consequences (A. 
Palacios, personal communication, March 1st, 2011).  
 However, representatives from large companies highlighted the high levels of distrust and 
competition that this sector is facing. Some of the factors mentioned that exacerbate distrust include 
the lack of national direction, a wide variety of incentives, state regulations, a high degree of innovation 
and the great economic and business potential of green technology. Green technology is a fast growing 
sector; therefore, firms are eager to increase their share in this large green market. Indeed, the 
importance of clear rules is becoming fundamental in this sector in order to maintain its viability and 
increase accountability with all the stakeholders. “A public benefit fund and some stimulus money 
would increase collaboration among companies, create new jobs and decrease costs for consumers that 
is fundamental right now,” one business executive emphasized (A. Palacios, personal communication, 
March 1st, 2011).  
 It is also important to highlight that environmental organizations consider business owners as 
important partners to influence legislation and increase sustainability in the region. Although there are 
recognized differences in terms of the ‘language’ spoken between environmental groups and business 
people, a common interest was highlighted: maintaining the quality of life that this region offers. 
Keeping a sound sustainable environment for business and the community in North Carolina and the 
Research Triangle region is a shared concern of both groups.   
 Environmental groups have a positive perception about joint collaboration with green business. 
They recognize business people as potential partners to increase green regulations and the levels of the 
REPS law. When asked about the kinds of practices that can bring both groups together in working 
alliances, the perception is that green businesses could provide greater support in increasing regulations 
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regarding environmental sustainability (A. Palacios, personal communication, February 18th, 2011). The 
national economic crisis that the region has experienced recently is another valid argument in favor of 
renewable energy and energy efficiency industries that are experiencing high growth rates while, at the 
same time, strengthening the regional economy.  
Considering these important arguments, it is recognized that balance is needed in the 
arguments put forth by environmental and business groups. A representative of an environmental 
organization recognized that a major challenge for environmentalists is the lack of business variables in 
order to demonstrate to the rest of the stakeholders the benefits of sustainability. Making an effective 
case for business is recognized as quite a big challenge in order to engage both groups, especially when 
the group of environmentalists does not include many business representatives. Consequently, further 
training in business development was identified as an ideal way to incorporate those concepts (A. 
Palacios, personal communication, February 18th, 2011).  
 
SMART-GRID CLUSTERING POTENTIAL IN THE TRIANGLE 
 When asked about the sector that has the most potential to become a cluster in the Triangle 
region, most of the respondents indicated Smart-grid. Just a few of them answered green technologies, 
such as solar energy, biofuel and energy efficiency, as separate industries. Although none of the 
interviewees could answer exactly how many Smart-grid companies were located in the Research 
Triangle, many indicated that there are quite a few companies and the number keeps increasing.  
Although the specific reasons for locating here are not widely known yet, most of the Smart-grid 
companies seem to be working closely with most of the software companies that are clustered in this 
area and surrounding areas. Relatively recently, in 2009, a 15,000 employee company, ABB, a firm that 
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specializes in Smart-grid solutions, relocated in Cary due to the proximity to customers, the business 
environment of the Triangle, the relative low costs of property, and the increasing number of high-tech 
headquarters and start-ups in this region (ABB, 2009). According to RTRP, 34 smart-grid companies are 
located in the Research Triangle area, and they work closely with a wide range of government, 
academic, venture capital and utilities companies (Appendix, Table 3).  
 Furthermore, representatives from the Department of Commerce highlighted that Smart-grid 
has much potential in this area, because the Triangle offers an enormous pool of highly trained labor 
resources and a wide variety of research centers and networks that specialize in high technology that 
could easily be beneficial for them. “These companies require a lot of training and expertise that the 
region can offer,” the public official asserted (A. Palacios, personal communication, February 20th, 2011). 
The NC Solar Center brought up the importance that having a better grid is the foundation for solar and 
wind to ‘take off’ and, as a consequence, the NC Solar Center is working as a facilitator with these 
companies as well (A. Palacios, personal communication, February 23th, 2011).  
 Because Smart-grid “is a journey, not a destination”, as the executive director of an important 
company located in the Research Triangle mentioned, there is a lot of room for creativity as well (A. 
Palacios, personal communication, March 1st, 2011). Developing a smarter grid will synergize efficiency 
programs, demand response for renewable energy sources and distribute the generation of electricity to 
higher and more reliable levels The advantage of this technology is that it gives consumers more control 
over how and when they use energy, because they can monitor real-time information and enable the 
balance of supply and demand of electricity at the device level. Smart-grid is an array of technological 
approaches, encompassing integration, and interfacing with all these innovations (Department of 
Energy (DOE), 2008). 
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 One of the biggest potentials for Smart-grid is providing cost-effective and increasingly clean 
energy for plug-in electric vehicles (PEVs) and hybrid electric vehicles (PHEVs)4. The City of Raleigh is 
becoming an emerging center for this industry, and wants to become a leader in electric vehicles in the 
Southeast (Martin, 2010). The capital city is part of a partnership, called Project Get Ready, formed in 
2009 with Indianapolis (IN) and Portland (OR) initiated by the Rocky Mountain Institute (RMI) (City of 
Raleigh, 2010). The goal of this project is to coordinate efforts to overcome perceived barriers related 
to technology, consumer demand and infrastructure and incentives. It also includes joint collaboration 
efforts between Progress Energy and Advanced Energy.  
 The Raleigh Chamber of Commerce is enthusiastically promoting the city and the region in this 
regard, with promotional brochures and by coordinating actions to implement the program. In this 
sense, it is the founding member of the Triangle Clean Cities Coalition that is comprised of more than 40 
stakeholders in six counties: Wake, Durham, Orange, Johnston, Chatham and Franklin (Triangle Clean 
Cities Coalition, 2011). Its mission is to encourage and accelerate the use of alternative fuel vehicles in 
the Triangle through the creation of partnerships to develop market and supporting infrastructure for 
alternative fuels vehicles. The RTRP has listed 15 companies located in the Triangle area currently 
working in this sector with great potential to move forward (Table 4, Appendix).  
 A representative from the Department of Commerce pointed out that for this industry, some of 
the most important challenges come from the regulatory side (A. Palacios, personal communication, 
February 20th, 2011). Increasing the sale of more electricity during peak hours over the same 
infrastructure would only further stress the grid. Therefore, charging the vehicles during off-peak hours 
                                                                
4
 On average, PHEVs will produce just one-third of the greenhouse gases (GHGs) emitted by conventional, gasoline-
fueled vehicles, tailpipe to tailpipe. According to a joint study by EPRI and the Natural Resources Defense Council 
(NRDC), PHEVs have the potential to reduce cumulative U.S. GHG emissions by as much as 10.3 billion tons from 
2010 to 2050. PHEVs could reduce national oil consumption by as much as four million barrels of oil per day in 
2050 according to that same study (Department of Energy (DOE), 2008).  
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has the potential to lower electric rates. Thus, it is very important to widen the parameters in order to avoid 
limitations and improve energy storage to be able to use energy when needed.  
 
THE IMPORTANCE OF THE NATIONAL ENVIRONMENT  
 The business representatives interviewed for this research as well as representatives of 
chambers of commerce, nonprofits and the Department of Commerce, all agree that lack of national 
policy in terms of sustainable energy production is one of the most important challenges these 
industries currently face. The uncertainty at the national level is perceived as a real hindrance for further 
development of the whole industry and, as a consequence, the levels of risk for investment are quite 
high as well. Additionally, this lack of public policy was considered as a barrier to attracting new 
investors into the market when thinking about strategies for scaling up business models in the near 
future. A national body of law is seen as an opportunity for companies to plan accordingly regarding 
investment decisions for the short and long run. Furthermore, the region becomes less attractive for 
international investors as the lack of national direction does not offer a safe legal structure and 
environment for further capital investment. “European companies, for instance, look at the US market 
as a whole and the absence of a national policy in these issues over the years; it fundamentally impact 
their decisions”, a representative of a local chamber of commerce summarized (A. Palacios, personal 
communication, February 23th, 2011). 
A slightly different approach comes from the Smart-grid business sector that acknowledges the 
difficulty of achieving a coherent regulatory framework due to the wide variety of stakeholders that the 
sector includes. “The task of getting a real balance within a single body of law to keep all the actors 
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engaged must be treated with caution”, a business owner asserted (A. Palacios, personal 
communication, March 1st, 2011).  
 
FURTHER POLICY OPTIONS 
As a result, the REPS law in North Carolina has been an effective policy instrument that affects 
the development of the clean technology sector. Under this law, utilities have been able to diversify 
their energy sources, and another important percentage of companies has been incentivized to develop 
more affordable technologies and increase their market share in this sector. Supporting incentives and 
further regulation packages also aims to assist in the development and deployment of renewable 
energy. Therefore, the lack of a national energy policy umbrella reinforces the need of local supporting 
policies to address the needs of a fast growing industry. These researches also sheds light on the current 
debate surrounding further needs and assets in labor resources, location characteristics and 
government incentive structures that renewable and energy efficiency industries face and, therefore, 
require policy attention.  
LABOR AND SKILLS DEVELOPMENT 
In terms of training and labor resource availability, the Triangle is missing two important 
ingredients: a renewable energy and energy engineering university degree and a business management 
program to train individuals with specific skills in green technology market development (A. Palacios, 
personal communication, February 20th, 2011). Considering the wide range of incentives across the 
country and within the state, some business owners perceive the need for more financial skills to be 
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able to monetize tax credits for business and consumers, and to transform benefits into more tangible 
profits.  
The main labor requirements are related to a highly skilled workforce with a renewable energy 
and energy efficiency focus and the need for higher degrees with greater specialization in these areas. A 
good start is reflected in the discussions going on at RTec, which links representatives from the three 
major local universities and RTI International to establish a minor degree that can be attached to other 
fields or engineering programs (A. Palacios, personal communication, February 20th, 2011).  
From the private sector perspective, in terms of low and medium skills labor resources, such as 
maintenance operators, technicians, and installers, small and medium companies do not have the 
perception of missing such resources. On the contrary, the director of an exporting company that 
specializes in Smart-grid technology, has a budget of $100 million in R&D, and is located in the Triangle 
highlighted the availability in the Triangle area of a highly skilled workforce that can design and 
implement the technologies and understand the costs to launch their products to the market: “Most of 
the fundamentals that a company looks for growing its business can be found in this State” (A. Palacios, 
personal communication, March 1st, 2011). Moreover, the right exporting infrastructure that allows 
companies to sell overseas and the accessibility to fairly low labor rates in surrounding rural areas and 
smaller cities, such as Henderson and Asheville, are great assets perceived by business firms with regard 
to North Carolina’s competitive position (A. Palacios, personal communication, March 1st, 2011). Yet, a 
main concern is, if this advantageous context for renewable energy and energy efficiency companies, as 
evidenced in the support and training development from technical schools in rural areas, is not well 
maintained in the short run, then a significant negative impact will occur in current industry 
development. In addition, international transportation costs have increased tremendously over the last 
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few years, which makes it more likely that the more developed countries will need to reinstall and 
retrain local labor resources in order to accomplish manufacturing processes (A. Palacios, personal 
communication, March 1st, 2011). 
Additionally, entrepreneurs also suggested the need of raising green marketing strategies for 
green technology in order to increase awareness, investment and job creation, stressing high quality 
standards currently available at the State level and making R&D facilities available for all sizes of 
business. It was suggested that in order to remain competitive, it is critical to ensure and promote the 
growth of the clusters through marketing and global branding about current green initiatives. The 
business environment and the quality of life in the Triangle must be thoroughly preserved, because 
quality of life is an original ‘trademark’ that makes the overall region very attractive for further 
innovation and investment.  
 
LOCATION TRENDS   
 The increasing emphases on cluster and network perspective theory in terms of less tangible 
factors, such as personal preferences of executives, quality of life, local personal networks and 
institutions, are considered very important assets that the Triangle offers to new businesses. Not 
surprisingly, green businesses, chambers of commerce and government institutions emphasize the 
importance of keeping these assets when asked about the most important issues that green companies 
consider when making their location and relocation decisions. Factors such as quality of schools, 
housing, health and development of an international environment are also important for national and 
international companies. For instance, one of the interviewees mentioned that a clean technology 
German company was interested to know how many other nationalities were represented in the area, 
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and more specifically, the number of Germans in the area (A. Palacios, personal communication, 
February 20th, 2011). A public officer from the Department of Commerce emphasized that location is 
especially important for R&D employees and executives, who are particularly interested in working in 
urban and livable areas that are close to universities (A. Palacios, personal communication, February 
20th, 2011). 
 Other relevant factors include the knowledge and technology infrastructure present in the 
Triangle, which is ready available for companies that focus on scientific development, engineering, and 
information and communication systems. The Executive Director of the Durham Chamber of Commerce 
synthesized the importance of universities as “talent machines” (A. Palacios, personal communication, 
February 16th, 2011). Undoubtedly, the area universities play a significant role in providing highly skilled 
labor resources, especially for clean technologies and energy efficiency industries. The Department of 
Civil, Construction and Environmental Engineering at NCSU, the Department of Environmental Science 
and Engineering at UNC-Chapel Hill, the Nicholas School of Environment at Duke University and the 
Department of Marine Science at UNC-Chapel Hill were mentioned as outstanding research and 
workforce development resources. The Kenan Flagler Business School at UNC-Chapel Hill also has been 
an exceptional resource for its high commitment to training people within a sustainable business 
development focus. A recent study by UNC-Chapel Hill about the potential of North Carolina’s coastal 
wind resources for energy development and job creation was qualified as an “invaluable source of 
information” for further policy development and industry recruitment by the Department of Commerce 
(A. Palacios, personal communication, February 20th, 2011). 
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GOVERNMENT INCENTIVES 
 When asked about the importance of tax credits for the state of North Carolina, all respondents 
noted that North Carolina provides a good incentive structure overall. Among 23 states that offer tax 
credits for renewable energy and energy efficiency, North Carolina ranks highest for corporations, with a 
cap up to 35% and maximum of $2.5 million per installation, followed by Hawaii and Oregon.5  The list of 
incentives for North Carolina includes personal, corporate, sales, and property credit taxes, rebates, 
grants, loans, industry support through equipment manufacturers’ tax credits, and performance-based 
incentives for Duke Energy and Progress Energy (NCSC & IREC., 2011). Overall, North Carolina’s 
industry incentive program provides a tax credit of 25% taken in equal installments over five years.6  
 Still, the incentive programs in some specific areas are weak compared to those of other states. 
States such as New Jersey have 100% tax credits for qualified capital investment in wind manufacturing 
companies (NCSC & IREC, 2011). A public official from the North Carolina Department of Commerce 
stated that Chinese companies are dominating the renewable energy market and are very interested in 
coming to invest in the United States, but North Carolina cannot compete now with those aggressive 
incentives programs (A. Palacios, personal communication, February 20th, 2011).  Most of the 
interviewees considered that this problem is linked to the lack of general interest to take advantage of 
renewable natural resources and increase commitment to renewable energy.  
                                                                
5
 For a complete reference for all the states about tax credits and incentives, refer to the Database of State 
Incentives for Renewables & Efficiency (DSIRE) (http://www.dsireusa.org/). This website is a comprehensive source 
of information for state, local, utility and federal incentives and policies that promote renewable energy and 
energy efficiency. Established in 1995 and funded by the U.S. Department of Energy, DSIRE is an ongoing project of 
the NCSC and the IREC (NCSC & IREC., 2011). 
6
 North Carolina provides a tax credit for costs incurred in the construction or retooling of a facility to manufacture 
renewable energy property or "a major component subassembly for a solar array or wind turbine." Eligible costs 
include construction and equipment costs specifically associated with the manufacture of eligible equipment. The 
credit is worth 25% of the eligible costs and must be claimed in five equal annual installments beginning with the 
year the facility is placed in service (NCSC & IREC., 2011). Available at 
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=NC91F&re=1&ee=1 (3/31/2011). 
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 Business owners and executives took a more ambiguous position and tended to diminish the 
importance of stimulus money as a deciding factor of growth in this sector. “Helping consumers to 
achieve their cost-benefit analysis with stimulus money would be very helpful as well for most 
companies to increase their selling and open the markets,” according to an executive of an important 
local company (A. Palacios, personal communication, March 1st, 2011).  Although all firms interviewed 
recognized that investment and cash-flow analysis is a “constant endeavor” on a daily basis in order to 
maintain business, the lack of a national policy direction in renewable energy and energy efficiency is 
playing a greater role in preventing major investment flow.  
 
 In sum, the REPS law in North Carolina has mobilized the industry to keep growing and find new 
technologies to conquer the growing green market of consumers. Smart-grid and electric vehicles and 
their related charge technology, seem to be the most promising sectors for the Research Triangle area 
and command the attention of many business and research institutions. However, the absence of a 
national mandate is perceived as the major limiting factor of this excellent business opportunity. 
Additionally, the industry perceives challenges in educational terms, especially regarding the costs of 
sustainability and green technology. Interestingly, local small businesses and environmental 
organizations see great opportunity for collaboration and enhancing structural advantages in terms of 
networks that the clean technology sector currently enjoys. As a result, local supporting policies might 
be able to fill gaps in the current challenges that national policy does not cover.   
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Important findings: 
1. The North Carolina REPS law is perceived as an effective policy instrument in the Research 
Triangle area, increasing the share of renewable energy and energy efficiency, accompanied by a 
rise of new government incentives and increase in business opportunities.  
2. In spite of the great economic recession of 2007, North Carolina’s renewable energy and energy 
efficiency industries in 2008-2009 had a positive employment growth of 6%, followed by a 22% 
increase for 2009-2010. The Research Triangle region hosts 38% of these sectors’ headquarters 
(NCSEA, 2009).  
3. Institutional and personal networks are important in developing renewable energy and energy 
efficiency sectors. There is an increasingly positive perception of the role that institutions play in 
strengthening these sectors. 
4. Large companies perceive that stimulus programs and clear rules can increase collaboration and 
trust among stakeholders.  
5. Most of the interviewees believe that smart-grid and electric car charger stations have the 
potential for further cluster development in the Research Triangle region. 
6. Renewable energy and energy efficiency business owners, academics, public officials and 
nonprofits leaders perceive substantial limitations in these industries’ development due to the 
absence of a national bill about sustainable energy.   
7. High business risk and minimal capital investment are perceived as consequences of the absence 
of a federal law and general direction towards sustainable energy resources.  
8. Institutions perceive the need for further specialized human resources, such as energy 
engineers, as well as sales and management and business-minded people who are focused on 
renewable energy and energy efficiency industries. Overall, a cross-sectoral perception exists 
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about the need for further education and information about the costs of technology and the 
importance and benefits of sustainable green practices.  
9. The quality of life and level of R&D present in the Research Triangle are fundamental assets for 
the clean technology sector. These advantages are accompanied by fairly low labor resources in 
nearby rural areas.  
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CHAPTER 5  
 
RECOMMENDATIONS  
 
This section describes the key findings of this research, analyzes them, and sets forth f 
recommendations for local institutions to promote the development of a green economy in the 
Research Triangle region in North Carolina. It identifies the current barriers and assets of the region in 
terms of policy recommendations for potential green cluster support and institutional design. 
Furthermore, it provides a few suggestions about further research and final conclusions.  
 
 
 
WORLD-WIDE POTENTIAL FOR THE RESEARCH TRIANGLE AREA  
  The Research Triangle area offers many advantages for entrepreneurship and technology 
industries. Highly skilled labor resources, world-renowned life science and technology clusters, major 
research universities, and a high quality of life enable the region to attract new companies and retain 
highly knowledgeable workers. The region positions itself as one of the most economically competitive 
regions in the United States, and is home to the largest contract research organizations in the country 
(RTRP, 2009). In addition, this region offers an excellent structure for exporting to those companies 
looking for overseas markets. The importance of keeping and strengthening these assets is crucial in 
order to develop the clean technologies sector and become a major green economy cluster.  
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In order to capitalize on the growing opportunities that come from renewable energy and 
energy efficiency industries, the region needs to develop those assets in a synergetic way in order to 
maintain innovation, reduce the costs of technology and improve the performance of the green 
economy. Considering the steady expansion that these industries are experiencing, the importance of 
having a highly specialized university degree in sustainable energy is important to a long-term strategy 
that will support further development with the right allocation of human resources. In order to leverage 
the current conditions, the ability to develop sales, marketing and administrative skills in those students 
interested in working in these industries becomes crucial in order to create a balance for potential 
growth of the industry. So far, the biotechnology, software and communications sectors have been 
supported by the research programs and training that local universities provide. Strong research 
programs at UNC-Chapel Hill, Duke University and NCSU in statistics, biology, chemistry, genetics, 
medicine, and engineering have helped enormously in transferring R&D from the universities and 
facilitating commercialization of products and technologies. Thus, increasing participation from 
universities in terms of specific green technology educational programs is critical to the development of 
this cluster potential.  
 
STRENGTHENING CAPITAL INVESTMENT  
 As noted in the findings, the REPS law has been a crucial element in invigorating the renewable 
energy and energy efficiency industry for the last four years by creating new jobs and promoting 
industry development. The increase in employment, even during the recession period, demonstrates 
that providing legal security and appropriate incentives for the industry can have a significant impact in 
the rest of the community. 
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 Although a few institutional representatives highlighted that the state of North Carolina is going 
through a period of transformation, the government needs to play a bigger role in this transformation. 
The green technologies sector is innovative and fits perfectly within the context of the Triangle with its 
highly trained individuals, research institutions, and community colleges that are available to provide 
the fundamentals. One representative from the Department of Commerce succinctly pointed out: “It is 
very important to send the right signals and let them know that in North Carolina there is a market open 
for business.” (A. Palacios, personal communication, February 20th, 2011). 
Another important fact is that by July 2010, 85% of the total requirements coming from solar 
energy will already have been met for the next four years, which means that the market for utility–scale 
solar energy will be much smaller than anticipated (NCSEA, 2010). In addition, the cost of solar power 
has been in constant decline, which now is in conflict with the total estimates used by the Legislature – 
commonly referred as the “La Capra Study”- when it created the REPS Law in 2007 (NCSEA, 2010). In 
sum, the total job creation over the last four years in the renewable energy and energy efficiency 
sectors, the cost-effectiveness analysis for complying with the REPS and the decline in overall costs for 
generating energy are powerful arguments to incentivize an increase in current standards.  
 Additionally, increasing the incentive structure in order to recruit more green technology 
companies is crucial for further industrial development. For instance, since January 2009, Arizona has an 
aggregate amount of tax credits state-wide for $70 million per taxable year in its industrial 
recruitment/support program. Arizona has drawn eight companies, 1,350 jobs and $153.2 million in 
capital investment (DSIRE, 2011; Myer, 2010). In tandem with this program, the Greater Phoenix 
market received a boost when Suntech Power Holdings, a Chinese-based company and the world’s 
largest producer of solar panels, decided to open its manufacturing plants in Goodyear (Myer, 2010). 
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Thus, it is important to keep in mind that at this level of industry competitiveness, many Chinese 
investors are still unfamiliar with American economic markets and, as a consequence, all cities are on a 
‘level playing field’ (Myer, 2010).  
 As a result, increasing the levels of required renewable energy resources and augmenting the 
incentive structure would promote the industry as whole, attract new investment, create green jobs and 
allow current companies to reduce the levels of uncertainty in which they currently operate.  In this 
sense, the creation of partnerships among institutions that are working in energy, Smart-grid, and 
sustainable businesses can further strengthen the current ones to become effective ways to gain 
political support in these issues.  
 
INSTITUTIONAL NETWORK, TRUST AND INNOVATION SHARING. 
 Through interactions with various stakeholders in the renewable energy, energy efficiency and 
sustainable business institutions, it is possible to analyze the role that trust and shared identity play in 
this area. For smaller companies, sharing information and asking for advice through business 
associations and personal networks is fundamental and considered very beneficial; bigger companies 
highlighted the need for clearer rules, stimulus programs and further regulation in order to keep all the 
actors accountable and promote collaboration.  
 The Research Triangle region has an important network of institutions working towards the 
development of these industries. The NCSEA has integrated innovation and member participation for a 
continuous source of new lessons learned and innovative programmatic opportunities to sustain 
progress towards sustainable energy. The NCSEA has been helping Southern states in particular to 
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identify barriers and understand the complex relationships amongst energy policy, regulation and 
market development to find their own ways to develop and promote policy solutions. Although the 
NCSEA  is justifiably proud of its partnership with Charlotte New Energy Capital to make Charlotte the 
nation’s energy capital, in fact, in one of their latest reports, the NCSEA underlined that it is the Triangle 
that is actually leading the state in attracting the world’s fastest growing energy industries (NCSEA, 
2010). The NC Solar Center at NCSU, through its services and programs, plays an important role in 
facilitating the development of sustainable energy in the State. This Center seems to be a pivotal 
institution in providing technical assistance, financial analysis and industrial recruitment services, 
working very closely with, for example, the North Carolina Department of Commerce. The FREEDM 
Center, also at NCSU, and the Advanced Transportation Energy Center – as a public-private partnership 
to develop fundamental technologies that will facilitate the electric power industry to actively manage 
and control large amounts of plug-in hybrid and electric vehicles – are vital institutions in promoting the 
strategic advantages of the Research Triangle area.  
 More importantly, and as mentioned before, the RTRP has identified  green  technology sectors 
as one of the three sectors that are emerging in the region in response to the shift of consumer 
preferences and global market conditions. (Advanced gaming and e-learning, and defense technologies 
are the other two emerging clusters.) As a result, it has been recognized that the interaction between 
regional clusters is a competitive strength and a source of innovation that must be encouraged. The 
Partnership is taking further steps in associating with a wide range of stakeholders and convening 
different partners from academia, industry and government, which is a promising start for strategic 
collaboration mechanisms.  
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 Consequently, the future success of sustainable energy in the Triangle will depend on 
strengthening these existing networks of institutions and intersectoral linkages. Although numerous 
institutions exist, some of them are not as interconnected as they could be. Greater networking within 
informal spaces among small business owners, and open spaces where they can share innovation 
sources and bring their ideas for the development of these industries should be strongly encouraged. A 
basic survey instrument that addresses specific needs and interests in collaboration with small green 
technology companies would be a good start in this matter.  
Environmental groups seem to be broadening their scope and finding important partners to 
work within the green business sector to make an impact in legislation and policy development. 
Nonetheless, these groups note that their tools are still limited in their ability to become more engaged 
in these issues. Further local data should be collected about the benefits that green business can bring 
to the environment, i.e., producing more with less resources and increasing job rates with less pollution.  
Increasing training options for this group of nonprofits that is willing to collaborate with firms and find 
the right economic arguments should be taken as a great opportunity by educational institutions to offer 
courses, seminars and increase the curricula available in these topics.  
 
SMART-GRID AND ELECTRIC CAR CHARGERS 
The basic concept of Smart-grid is to add monitoring, analysis, control, and communication 
capabilities to the national electrical delivery system to maximize the output while reducing energy 
consumption. As mentioned before, Smart-Grid allows utilities, homeowners and businesses to move 
electricity around the system as efficiently and economically as possible. A Smart-Grid is neither a single 
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concept nor one technology; it allows other technologies to function well, letting the consumers know 
how they spend energy (DOE, 2009).  
Although most of the interviewees agree that Smart-Grid is the sector with the most potential, 
little information is available about the number of companies, where they are located, the type of 
technologies they produce, and how they are integrated one to another. It would be informative to 
know details regarding their supply chain and how it is integrated to the manufacturing processes here 
in North Carolina. It seems that the most attractive feature for this type of company is that their main 
customers are software companies that are very interested in reducing their energy costs and improving 
their information systems with more reliable technology. According to national projections, massive 
blackouts have been going on for the last 40 years, three of which have occurred in the past nine years 
(DOE, 2008). In addition, it is expected that more blackouts will happen due to the lack of ‘visibility’ and 
slow response time of mechanical switches from the part of the grid operators.7 For example, a rolling 
blackout across Silicon Valley can cost up to $75 million in losses (DOE, 2008).  
The City of Raleigh’s initiative to become a leader in the Southeast in electric plug-in and hybrid-
electric vehicles is another sector that demonstrates clustering potential. Because the quality of life in 
the Research Triangle is quite high and the population is highly educated, it is more likely that demand 
for these types of cars will increase in the near future. Thus, significant training will be required in order 
to maintain this infrastructure and keep this industry growing. Engaging more community colleges and 
                                                                
7 The US is relying on a centrally planned and controlled infrastructure created largely before the age of 
microprocessors that limits flexibility and increases risk on several critical fronts. If the grid were just 5% more 
efficient, the energy savings would equate to permanently eliminating the fuel and greenhouse gas emissions from 
53 million cars. While hundreds of thousands of high-voltage transmission lines course throughout the United 
States, only 668 additional miles of interstate transmission have been built since 2000. As a result, system 
constraints worsen at a time when outages and power quality issues are estimated to cost American business 
more than $100 billion on average each year (Department of Energy, 2008).  
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training centers in this conversation and creating further incentives will be necessary in order to face the 
labor demand.  
Consequently, increasing collaborative mechanisms with state and private universities seems to 
be critical to develop and enhance current energy centers. By providing energy engineering degrees and 
other specific labor requirements for the 21st century power grid, the region will have an advantage in 
attracting and retaining Smart-grid and renewable energy firms. Similarly, by supporting advanced 
university research in fields such as power electronics and nanotechnology, the Smart-grid regional 
cluster will find new grounds for further development and the formation of new companies.  
The importance of strengthening the Smart-grid sector is also crucial because the associated 
technologies are cutting-edge technologies that can accommodate additional power from remote solar 
and wind farms. Standardizing plug and play interconnections of distributed generators is a target of  
this industry development.  It would reduce installation costs and help to create a virtual cycle of market 
growth and economies of scale for distributed generation technologies (Mazza, 2005). The Research 
Triangle area has world-class R&D labs for smart energy technologies and renewable energy. The 
FREEDM Center’s strategic collaboration with companies should be further enhanced and encouraged in 
the difficult task of spreading and extending technology.  
 Nonetheless, a network of organizations or strategic programs aimed at helping start-up 
companies and accelerating the adoption of new technologies is not apparent. A regional effort should 
be undertaken to help energy company start-ups. A collaborative board that values the use of existing 
structures as a shared test-bed for new technology that could benefit not only energy companies, but 
also innovators, funders and energy users is a place to start. A network of technology collaboration 
could be a joint structure of businesses, government agencies, nonprofits, industry and educational 
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institutions with a common goal of positioning the Triangle Region as a recognized leader in clean 
technologies.  
In closing this section, I would like to highlight the importance of a time dimension in this type of 
analysis. The present research takes an early look at the underlying perceptions about the potential for 
the Research Triangle area to develop a vibrant and strong green economy. While I believe that I have 
captured early trends to promote dialogue about the basis of cluster development, there is a continued 
need to keep analyzing these and other sectors of the economy that promote sustainable development 
through green practices and technologies. It will be particularly important to follow up on related effects 
in specific industries, and their individual approaches to create a reduced carbon economy.  
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CONCLUSIONS 
 
 The REPS law allows steady green technology growth in North Carolina with potential to succeed 
due to the importance of climate change and the need for affordable solutions for lowering the effects 
of global warming. Although lack of a national energy bill might deter businesses from further 
investment and prevent long-term planning for more general industrial growth, it might actually be 
promoting an entrepreneurial setting where businesses throughout the state rely more on local 
institutions and find potential drivers in local markets to transform the business opportunities that a 
low-carbon-based economy is providing. Thus, it is necessary to keep in mind that deregulated 
environments can also play an important role in promoting further innovation and competitiveness 
among companies that are necessary for general industrial development.  
Moreover, excessive green regulations designed to increase the levels of renewable energy and 
energy efficiency could cause utility companies to slide back, thereby shifting the significant progress 
achieved in terms of environmental protection and technological advance. The reality is that 
conventional fossil fuels are still, on average, relatively less expensive than renewable ones. Thus, large 
commercial interests still have great negotiation power in the energy market that can limit further 
development of these green industries. Perhaps stimulating demand – through rising awareness of the 
benefits of green energy in the form of education and subsidy programs – can in fact be a more effective 
solution for regulating the market. At the end of the day, in today’s market-driven economy, it is the 
consumer who is the main actor of economic progress.   
As a result, the present network of institutions in the Research Triangle area could carefully 
design joint R&D projects to preserve and further enhance the vibrant momentum that renewable and 
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energy efficiency companies currently offer. Such programs should include companies of various sizes 
and encourage the participation of the most innovative ones, especially start-ups. The Research Triangle 
region needs to strengthen collaboration through participatory methods in order to ensure dynamism, 
promote innovation and coordinate responses to challenges from outside the region. A strong 
institutional network can provide long-term financing, access to new markets and increased visibility 
inside and outside the region. The clean technology industry has much potential to be explored and 
further horizons to reach.  
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APPENDIX  
 
Table 1 
List of Interviews 
Organization Interviewees 
Nonprofits 
1 Research Triangle Regional Partnership  (RTRP) 
2 League of Conservation Voters (LCV) North Carolina 
3 Institute for Sustainable Development 
Chambers of 
Commerce 
4 Durham Chamber of Commerce 
5 Greater Raleigh Chamber of Commerce / Wake County ED 
Government 
6 City of Durham, Office of Economic and Workforce Development 
7 NC Department of Commerce, Green Economy Office   
Academic 
8 Duke University  
9 North Carolina Solar Center -NCSU 
Private 
10 Solar Company 
11 Advanced Waste Water Treatment Engineering Solutions 
12  Smart-Grid – North America Branch 
13 SJF Ventures - Venture Capital 
14 Solar and Smart-Grid Company 
 
  
Anabella Palacios  Green Economy – Building New Allies.  
  Master Project 
  Department of City and Regional Planning – UNC  
 
 
63 | P a g e  
 
Table 2 
Summary of State Renewable Portfolio Standards Regulations 
 State Amount Year  Organization Administering REPS 
1 Arizona 15% 2025 Arizona Corporation Commission 
2 California 33% 2030 California Energy Commission 
3 Colorado 20% 2020 Colorado Public Utilities Commission 
4 Connecticut 23% 2020 Department of Public Utility Control 
5 District of Columbia 20% 2020 DC Public Service Commission 
6 Delaware 20% 2019 Delaware Energy Office 
7 Hawaii 20% 2020 Hawaii Strategic Industries Division 
8 Iowa 105 MW   Iowa Utilities Board 
9 Illinois 25% 2025 Illinois Department of Commerce 
10 Massachusetts 15% 2020 Massachusetts Division of Energy Resources 
11 Maryland 20% 2022 Maryland Public Service Commission 
12 Maine 40% 2017 Maine Public Utilities Commission 
13 Michigan 10% 2015 Michigan Public Service Commission 
14 Minnesota 25% 2025 Minnesota Department of Commerce 
15 Missouri 15% 2021 Missouri Public Service Commission 
16 Montana 15% 2015 Montana Public Service Commission 
17 New Hampshire 23.80% 2025 New Hampshire Office of Energy and Planning 
18 New Jersey 22.50% 2021 New Jersey Board of Public Utilities 
19 New Mexico 20% 2020 New Mexico Public Regulation Commission 
20 Nevada 20% 2015 Public Utilities Commission of Nevada 
21 New York 24% 2013 New York Public Service Commission 
22 North Carolina 12.50% 2021 North Carolina Utilities Commission 
23 North Dakota* 10% 2015 North Dakota Public Service Commission 
24 Oregon 25% 2025 Oregon Energy Office 
25 Pennsylvania 8% 2020 Pennsylvania Public Utility Commission 
26 Rhode Island 16% 2019 Rhode Island Public Utilities Commission 
27 South Dakota* 10% 2015 South Dakota Public Utility Commission 
28 Texas 5,880 MW 2015 Public Utility Commission of Texas 
29 Utah* 20% 2025 Utah Department of Environmental Quality 
30 Vermont* 10% 2013 Vermont Department of Public Service 
31 Virginia* 12% 2022 
Virginia Department of Mines, Minerals, and 
Energy 
32 Washington 15% 2020 Washington Secretary of State 
33 Wisconsin 10% 2015 Public Service Commission of Wisconsin 
*Five states, North Dakota, South Dakota, Utah, Virginia, and Vermont, have set voluntary goals for adopting renewable energy instead of 
portfolio standards with binding targets. 
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Year:  deadline for the full requirement to take effect.  
Amount: total amount that must be met through the use of renewable energy or energy efficiency measures 
Source: US Department of Energy, 2011.   
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Map 1. Renewable energy and energy efficiency companies in North Carolina.  
 
Locations mapped are company’s primary state facility. Companies may have multiple offices in North Carolina, and as such, this map is a 
conservative picture of the minimum number of offices and locations for North Carolina’s renewable and energy efficiency industry. 
Source: NCSEA, RTRP, 2011. 
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Table  3 
Smart Grid - Institutions in the Research Triangle Area  
Industry  
Governmnet /     
Non - Profit 
Academic 
Industry - Venture 
capital? 
Utilities  
1 ABB (Full) 
NC Board of 
Science and 
Technology 
FREEDM Center 
Council for 
Entrepreneurial 
Development  
Duke Energy 
2 Accenture 
NC Department of 
Transportation 
Institute for 
Emerging Issues 
Intersouth Partners ElectriCities 
3 Advanced Energy  NC Energy Office NC Solar Center 
NCSU Engineering 
Entrepreneurs 
Program 
NC’s Electric 
Cooperatives 
4 
Advanced Vehicle 
Research Center of 
NC 
NC Green Power 
NC State 
Technology 
Incubator 
SJF Ventures  
Piedmont Electric 
Membership Corp 
5 AT&T NC IDEA NC TEC 
Southeast 
TechInventures 
Progress Energy 
6 Black & Veatech 
NC Sustainable 
Energy Association 
Small Business and 
Technology 
Development 
Center (SBTDC) 
  
7 Cisco Systems 
Research Triangle 
Regional 
Partnership  
UNC’s Center 
Sustainable 
Enterprises 
  
8 Consert 
Southern Growth 
Policy Board  
   
9 Cree      
10 Delta Electronics      
11 Eaton      
12 EDSA Micro     
13 Elster Solutions     
14 EnergyAxis     
15 Energy ICT     
16 Green Energy Corp      
17 IBM     
18 Itron      
19 KEMA      
20 MegaWatt Solar      
21 Microcell     
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22 Nitronex     
23 Plotwatt     
24 Power Secure      
25 
Quanta Technology 
(Associate) 
    
26 Red Hat     
27 
RTI International 
(Affiliate) 
    
28 SAS Institute     
29 Sensus      
30 Siemens Energy      
31 Tantalus Systems      
32 Truveon      
33 Tyco Electronics      
34 UL (Associate)          
Source: RTRP, 2011.  
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Table 4 
Advanced Transportation -  Institutions in the Research Triangle Area 
Industry  
Governmnet / Non - 
Profit 
Academic 
Industry - 
Venture capital 
Utilities  
1 Advanced Energy City of Raleigh 
Advanced 
Transportation Energy 
Center   
Progress Energy 
2 
Advanced Vehicle 
Research Center   
Greater Raleigh 
Chamber of 
Commerce 
FREEDM Center 
  
Advanced Energy 
3 Dominion Power 
NC Department of 
Transportation 
NC Solar Center 
   
4 Duke Energy NC Energy Office      
5 
Electronic 
Component 
Technologies  
NC Sustainable Energy 
Association 
  
   
6 Elster Metering 
Research Triangle 
Regional Partnership 
  
   
7 
Energy Control 
Systems 
    
   
8 INI Power        
9 JADOO Power        
10 JMC Inc.        
11 
Liquidia 
Technologies 
    
   
12 Microcell        
13 Progress Energy         
14 RTI International        
15 Scribner Association      
    
Source: RTRP, 2011.  
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